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ABSTRACT
This study investigated the differences in bird diversity among 12 fruiting Ficus pertusa (Moraceae) trees
at various distances from the forest edge in the Monteverde, Costa Rica region. Each of the 12 sites was
observed for six nonconsecutive hours over a four-week study period. Bird diversity, abundance,
evenness and similarity were calculated for each tree. A significant positive correlation was found
between distance from the forest edge and bird diversity at the study sites (R² = 0.630; ANOVA f-value =
17.036; p-value = 0.0021). Crop size was also found to have a significant relationship with diversity (R² =
0.776; ANOVA f-value = 15.630; p-value of distance = 0.0004; p-value of crop size = 0.0382). However,
no correlation was found between diversity and diameter at breast height or diversity and crown size.
High species turnover among trees was also observed. One species of bird, Turdus grayi (Clay-colored
Robin), showed the greatest dominance.

RESUMEN
Se investigó las diferencias en la diversidad de aves entre 12 árboles de Ficus pertusa (Moraceae) en
fruto, a diferentes distancias del borde del bosque en la región de Monteverde, Costa Rica. Cada uno de
los árboles fueron observados por seis horas no consecutivas sobre un periodo de cuatro semanas. La
diversidad de aves, abundancia, regularidad y similitud fueron calculadas para cada árbol. Una regresión
significativa positiva se encontró entre la distancia del borde del bosque y la diversidad de aves en los
árboles (R² = 0.630; ANOVA f-value = 17.036; p-value = 0.0021). Se encontró también una correlación
entre el número de frutos en los árboles y la diversidad (R² = 0.776; ANOVA f-value = 15.630; p-value of
distance = 0.0004; p-value of crop size = 0.0382). Sin embargo, no se encontró una correlación entre la
diversidad y el diámetro del tronco del árbol o la diversidad y el tamaño de la copa del árbol. La rotación
de las especies de aves entre árboles fue muy alta. Una especie de ave, Turdus grayi (Jiguirro), demostró
ser la más común de todas.

INTRODUCTION
Ficus pertusa (Moraceae) is a hemiepiphytic tree with a smooth trunk and fruits eight to
fourteen mm in diameter. It is commonly found in pastures and other disturbed areas
from Mexico to Paraguay (Croat 1978). Since individuals of the population flower and

fruit asynchronously F. pertusa is a reliable year-round food source for vertebrates.
Because F. pertusa fruits when few other fruits are available it is considered a keystone
resource (Bronstein 2000). In tropical forests almost all vertebrates rely on figs as a food
source at some time in their lives (Janzen 1979).
This keystone species has an interesting pollination syndrome. It has an obligate
mutualism with wasps in the family Agaonidae (Hymenoptera) for pollination (Janzen
1979). In contrast, the mutualism between F. pertusa and its bird dispersers is more likely
a chance association rather than a tightly coevolved interaction (Bronstein and Hoffmann
1987). Ficus pertusa fruits ripen during the day and are red, juicy and odorless when ripe
(Bronstein 2000). These fruit characteristics are ideal for attracting bird dispersers. In
addition, the fruits are soft with small seeds that allow a wide variety of foraging
techniques to be utilized (Scott and Martin 1984; Janzen 1981). These characteristics
permit many species of birds to eat the fruits. According to Wheelwright et al. (1984)
Ficus species attract a disproportionate amount of bird dispersers compared to other
genera of birds. Bronstein and Hoffmann (1987) found that 26 species of birds from ten
different families fed on F. pertusa trees in the Monteverde, Costa Rica region. Ficus
pertusa fruits provide carbohydrates, lipids, protein, fiber, ash and calcium (Jordano
1983; Kinnaird 2000). However, relative to other fruits found in the tropics, F. pertusa
fruits are nutritionally poor and are abandoned when other fruits are abundant (Dinerstein
1983).
The bird species that feeds on F. pertusa changes with spatial variation in pastures
in Monteverde, Costa Rica (Bronstein and Hoffman 1987). In this study the relationship
between bird species diversity at F. pertusa and the distance from the forest edge was
observed. Specifically, diversity was examined at trees located at various distances from
forest edge towards open areas. Higher diversity was expected to be found at F. pertusa
trees farther from the forest edge than those that were closer to the forest edge. The
relationship among diversity, crop size, crown size and diameter at breast height were
also investigated.

MATERIALS AND METHODS
This study was conducted in the Monteverde, Costa Rica region (10°12'N, 84°42'W,
elevation 1350-1450 m [Bronstein and Hoffman 1987]) from April 14 to May 6, 2001.
This region is located between a tropical lower montane moist forest and wet forest
(Holdridge 1967). Twelve fruiting Ficus pertusa trees, of varying distances from the
forest edge (180 m to 525 m), were observed (Table 1). These trees were located between
the Monteverde Cloud Forest Reserve and the town of Cañitas. All of the trees were
found in open areas that had previously been used as cow pastures. At each of the study
sites the number of avian species that visited the tree and their abundance were observed.
Birds were identified using a pair of binoculars and Stiles and Skutch's (1989) A Guide to
the Birds of Costa Rica. Each tree was observed for a total of six nonconsecutive hours
(two hours in the morning for three nonconsecutive days) on a six- day cycle to minimize
variation in data collection due to changes in weather. Two trees were watched per day,
one from 7 am to 9 am and the other from 9 am to 11 am. At the end of six days, after
each tree had been observed once, the cycle was repeated, but the order in which each

pair of trees was observed was reversed (i.e., the tree that was observed from 7-9 am
during the first cycle would be observed from 9-11 am on the second cycle). On the third
rotation the order returned to that of the original cycle.
At each of the 12 sites the distance to the forest edge, diameter at breast height
(dbh), and radius of the crown were measured and recorded. A Magellan 2000XL global
positioning system (GPS) was used to measure the distance to the forest edge and a 50 m
tape measure was used to measure the dbh and the radius of the crown. The crop size was
estimated by counting the number of individual fruits on a single branch and multiplying
it by the number of similarly sized areas.
The diversity (H') and evenness (E) for each tree was calculated using the
Shannon-Weiner Diversity Index (Krebs 1989). The cumulative number of species was
calculated and entered into a species-area curve. Three regression analyses were
performed on the data, as well. The first was to test the relation of distance to the forest
edge and diversity. The second was a multiple regression with two independent variables
(distance to the forest edge and crop size) and diversity as the dependent variable.
Finally, the relationship between bird diversity and distance to the forest edge, crown size
and crop size was examined. The Jaccard Similarity Index (Krebs 1989) was used to
assess the similarity of species composition between the study sites. The number of bird
species (S) was then graphed against the number of visits to the twelve F. pertusa trees to
illustrate the frequency of bird species visiting the study sites.

RESULTS
A total of 38 bird species (Appendix 1) and 368 individuals were observed visiting the 12
Ficus pertusa trees over the duration of the study. The asymptote of the species-area
curve (Figure 3) illustrates that exhaustive sampling occurred. Evenness showed a
positive relationship with distance from the forest edge (ANOVA f-value = 8.451; R2 =
0.458; p-value = 0.0156) (Figure 2).
A regression analysis comparing the relationship between diversity and distance from the
forest edge showed a positive effect (ANOVA f-value = 17.036; p-value = 0.0021; R2 =
0.630) (Figure 1). A multiple regression analysis examining the relationship between
distance to the forest edge and crop size with diversity showed significant results as well
(R2= 0.776; p-value of distance = 0.0004; p-value of crop size = 0.0382). Adding crown
size to the multiple regression resulted in no further explanation of the variation (R 2 =
0.777; p-value of distance = 0.0009; p-value of crop size = 0.0660; p- value of crown size
= 0.8596).
The data from the Jaccard Similarity Index were analyzed, and only two pairs of
trees had a percentage of species composition similarity greater than or equal to 0.50
(Tree 8 vs. Tree 9; Tree 11 vs. Tree 12) (Table 2). Figure 4 represents the number of bird
species that visited all of the trees over the duration of the study. Only one bird species
(Turdus grayi) was found to frequently visit the trees, with most species (84.2%) only
visiting the trees a few times (one to fourteen times) (Figure 4).

DISCUSSION
The species-area curve (Figure 3) suggests that exhaustive sampling did occur, so the
sample size adequately represented the bird diversity at F. pertusa trees in the
Monteverde area. The cumulative number of bird species approached an asymptote over
the duration of the study.
A simple regression analysis indicated that bird diversity at the 12 sites was highly
dependent on the distance to the forest edge (Figure 1), with diversity increasing as the
distance from the forest increased. The result that more bird diversity was found farther
from the forest edge may be explained by the biology of the bird species recorded. The
most frequently encountered species (Turdus grayi) is most commonly found in open
areas such as lawns and pastures (Stiles and Skutch 1989; Stotz et al. 1996). Since most
of the species that were observed visiting the 12 study sites have a similar biology (they
prefer open or disturbed areas) (Stiles and Skutch 1989; Stotz et al. 1996), then they
should be more commonly observed together in open or disturbed areas. And, therefore,
greater diversity would occur at the trees farthest from the forest edge, because they are
found in the habitat that most of the bird species observed in the study prefer.
Also, the abundance of other fruits in Monteverde is low from February to late
April, which overlaps with the period that data were collected (Bronstein and Hoffman
1987; Wheelwright 1983). Considering that seasonality affects local fruit abundance and
that 89.5% of the bird species that were observed are frugivorous (Guevara and Laborde
1993; Stiles and Skutch 1989), high species diversity should be observed at F. pertusa
trees to take advantage of their year-round fruits. And since F. pertusa trees are
commonly found in pastures and other disturbed areas (Croat 1978) the highest species
diversity should be found trees that are in their natural habitat (pastures and disturbed
areas).
When two independent variables, distance to the forest and crop size, were
included in a multiple regression with diversity, more of the variability was explained.
The R2 value increased to 0.776. The substantial influence of crop size on diversity can
be explained by a resource-based model. As an available resource (larger fruit
abundance) increases, so will species diversity in order to utilize this resource. Therefore,
as the abundance of available resources (crop size) increased at the F. pertusa trees, the
number of bird species feeding at the sites did as well. This increased the bird species
diversity at these sites as a result.
Crown size did not show a significant relationship with the Shannon-Weiner
Diversity Index (R2 = 0.777; p-value of crown size = 0.8596) when included in a multiple
regression analysis with distance to from the forest and crop size.
The Jaccard Similarity Index showed that the species composition at the 12 trees
was highly variable, and the assemblage of species at the different sites generally did not
parallel one another (Table 2). Only Trees 8 and 9 and Trees 11 and 12 showed a
significant amount of similarity in species composition. This similarity may have been
due to the close proximity of the pairs of trees and/or the region in which they were
located. Both pairs of trees were located within 400 m of each other and in between the
town of Cañitas and the town of Santa Elena along a roadside.

The frequent visitation by Turdus grayi (Figure 4) to the study sites may explain
the relatively low species evenness. Because Turdus grayi was observed so often (92
times), and it accounted for 25% of the total individuals observed, it was dominant at
most of the trees. This high dominance of a single species of bird caused the evenness at
the study sites to decrease.
The main conclusion of this study is that bird species diversity at F. pertusa in the
Monteverde, Costa Rica is determined by a variety of factors. However, distance from the
forest edge and crop size play the most essential role.
Future research might include trees that are on the edge of the forest and trees that
are in the forest to investigate whether there is a significant difference in bird species
diversity at these sites. Also the influence of fragmentation, human disturbance (human
activity) and/or pollution may produce interesting results. There has been little data
gathered on whether bird species that prefer forested habitat frequently visit Ficus
pertusa or on the effects of spatial variation or fragmentation on the foraging behavior of
these species. Finally, the effects of surrounding forest structure on bird species diversity
at F. pertusa could be studied further.
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TABLE 1. Summary of tree characteristics and associated bird community. The distance to the
forest edges, the species richness (S), the number of individuals (N) that visited, Shannon-Weiner
Diversity Index (H’), the species evenness (E), the diameter at breast height (DBH), the radius of
the crown, and the crop size of each of the 12 Ficus pertusa trees are listed.
_____________________________________________________________________________________________
Dist. (m)

Tree #

# of Spp.
# Individ. Div. Index
Evenness (E) Dbh
Crown
Crop
(S)
(N)
(H’)
(cm)
r (cm)
size
180
10
6
24
0.612
0.342
60
290
1750
200
6
7
12
0.809
0.416
70
490
10000
245
5
8
23
0.684
0.329
40
430
10000
275
7
8
40
0.540
0.260
40
310
3500
290
11
7
24
0.717
0.368
25
350
3000
295
4
5
15
0.615
0.382
70
550
2500
300
12
5
15
0.624
0.388
50
200
750
350
1
12
59
0.811
0.326
29
260
1000
445
2
9
35
0.811
0.369
140
300
3500
475
3
11
26
0.940
0.392
100
450
500
510
8
16
51
1.640
0.591
98
400
10000
525
9
11
44
1.421
0.593
106
350
500
_____________________________________________________________________________________________

TABLE 2. Summary of the Jaccard Similarity Index. Only two pairs of trees showed similarity
higher than 50 percent (*) (Trees 8 and 9; Trees 11 and 12).
_____________________________________________________________________________________________
Dist.(m)
180
200
245
275
290
295
350
445
475
510
525

Tree
10
6
5
7
11
4
1
2
3
8
9

180
10

200
6
0.30

245
5
0.17
0.20

275
7
0.17
0.15
0.25

290
11
0.08
0.27
0.15
0.25

295
4
0.22
0.33
0.18
0.08
0.20

300
12
0.22
0.20
0.08
0.18
0.50*
0.25
0.06
0.08
0.07
0.19
0.14

350
1
0.20
0.19
0.11
0.11
0.12
0.21

445
2
0.15
0.33
0.21
0.13
0.14
0.27
0.24

475
3
0.06
0.13
0.36
0.12
0.13
0.07
0.10
0.18

510
8
0.29
0.15
0.09
0.20
0.15
0.17
0.22
0.25
0.08

525
9
0.42
0.20
0.12
0.19
0.06
0.23
0.21
0.33
0.05
0.59*

APPENDIX 1.
Abundance of the species found in 12 Ficus pertusa trees in Monteverde, Costa Rica.
Family

Genus and species

Common name

Abundance

Columbidae
Corvidae
Emberizidae

Columba flavirostris
Cyanocorax morio
Pheuciticus ludovicianus
Saltator atriceps
Saltator coerulescens
Saltator maximus
Tiaris olivacea
Zonotrichia capensis
Icterus g. galbula
Quiscalus mexicanus
Passer domesticus
Dendroica cerulea
Dendroica dominica
Dendroica fusca
Dendroica petechia
Dendroica townsendi
Dendroica virens
Mniotilta varia
Vermivora peregrina
Melanerpes hoffmannii
Amazona albifrons
Aulacorhynchus prasinus
Chlorophanes spiza
Cyanerpes cyaneus
Euphonia hirundinacea
Thraupis episcopus
Tityra semifasciata
Catharus ustulatus
Turdus grayi
Capsiempis flaveola
Elaenia flavogaster
Elaenia frantzii
Megarhychus pitangua
Myiozetetes similis
Ornithion semiflavum
Pitangus sulphuratus
Tyrannus melancholicus
Vireo leucophrys

Red-billed Pigeon
Brown Jay
Rose-breasted Grosbeak
Black-headed Saltator
Gravish Saltator
Buff-throated Saltator
Yellow-face Grassquit
Rufous-collared Sparrow
Northern Oriole
Great-tailed Grackle
House Sparrow
Cerulean Warbler
Yellow-throated Warbler
Blackburnian Warbler
Yellow Warbler
Townsend’s Warbler
Black-throated Green Warbler
Black-and-white Warbler
Tennessee Warbler
Hoffman’s Woodpecker
White-fronted Parrot
Emerald Toucanet
Green Honeycreeper
Red-legged Honeycreeper
Yellow-throated Euphonia
Blue-gray Tanager
Masked Tityra
Swainson’s Thrush
Clay-colored Robin
Yellow Tyrannulet
Yellow-bellied Elaenia
Mountain Elaenia
Boat-billed Flycatcher
Social Flycatcher
Yellow-bellied Tyrannulet
Great Kiskadee
Tropical Kingbird
Brown-capped Vireo

2
11
1
2
1
1
8
27
26
3
12
1
1
1
6
9
5
22
11
4
1
3
2
11
9
28
1
7
92
2
1
14
4
20
1
11
1
6

Icteridae
Passeridae
Parulidae

Picidae
Psittacidae
Ramphastidae
Thraupidae

Tityridae
Turdidae
Tyannidae

Vireonidae

